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Abstract
Background: Dengue viruses (DENV) attach to the host cell surface and subsequently enter the
cell by receptor-mediated endocytosis. Several primary and low affinity co-receptors for this
flavivirus have been identified. However, the presence of these binding molecules on the cell
surface does not necessarily render the cell susceptible to infection. Determination of which of
them serve as bona fide receptors for this virus in the vector may be relevant to treating DENV
infection and in designing control strategies.
Results: (1) Overlay protein binding assay showed two proteins with molecular masses of 80 and
67 kDa (R80 and R67). (2) Specific antibodies against these two proteins inhibited cell binding and
infection. (3) Both proteins were bound by all four serotypes of dengue virus. (4) R80 and R67 were
purified by affinity chromatography from Ae. aegypti mosquito midguts and from Ae albopictus C6/
36 cells. (5) In addition, a protein with molecular mass of 57 kDa was purified by affinity
chromatography from the midgut extracts. (6) R80 and R67 from radiolabeled surface membrane
proteins of C6/36 cells were immunoprecipitated by antibodies against Ae. aegypti midgut.
Conclusion: Our results strongly suggest that R67 and R80 are receptors for the four serotypes
of dengue virus in the midgut cells of Ae. aegypti and in C6/36 Ae. albopictus cells.
Background
Dengue (DEN) is distributed worldwide in tropical and
subtropical countries including Mexico and the USA and
is the most common vector-borne viral disease in
humans. Infection ranges from asymptomatic or mild
self-limited illness (dengue fever, DF) to a severe disease
with spontaneous hemorrhaging (dengue hemorrhagic
fever, DHF), or, most seriously, to DEN shock syndrome
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(DSS) characterized by circulatory failure. Fifty million
DEN infections with 500,000 cases of DHF and 12,000
deaths occur each year [1]. In the years 2002 to 2004,
23,826 cases of DEN and 5,557 of DHF were reported in
Mexico [2].
The Dengue virus (family Flaviviridae, genus Flavivirus,
species Dengue virus) infects mammalian [3] and vector
cells. Neutralizing antibodies facilitate the binding and
penetration of DENV into human macrophages; the virus-
antibody complex binds Fc receptors [4]. This mechanism
does not explain virus entry in primary infections or in
cells with non-Fc receptors. Transmission electron micro-
scopy shows that DEN viruses must attach to the cells
[5,6], suggesting that the cells must have virus receptor(s)
on their surfaces to be susceptible to infection. Proteins
[7-12], heparan sulfates [13], LPS/CD14-associated bind-
ing proteins [14] and other glycoproteins [15] have been
proposed as cellular receptors for DENV. In addition, DC-
SIGN [16-18] has been suggested as a mediator of DENV
infection in dendritic cells and could participate in bind-
ing large numbers of other viruses such as HIV-1, Ebola
and CytoMV to host cell surfaces [19].
In C6/36 cells, two major polypeptides have been
described with apparent molecular weights of 67 and 80
kDa, which bind to DEN virus serotype 2 (DENV2) [9].
The mechanism by which the virus enters mosquito cells
is unknown. The presence of receptor(s) on the surface
does not necessarily render a cell susceptible to infection.
In natural infection, DENV is first deposited in the mos-
quito vector and then in a human host bitten by the vector
during a blood meal. Therefore, it is necessary to study
receptors in the mosquito midgut (MG) to determine
which binding proteins serve as true virus receptors; they
may be relevant to treating DEN infection and in design-
ing control strategies. This is especially important because
mosquitoes differ in their susceptibilities to infection,
resulting in different vector competences [20-22].
The present study shows that the proteins R80 and R67 are
the putative receptors in the MG of Ae. aegypti. Moreover,
proteins with the same apparent molecular weights were
purified by DENV2 affinity chromatography from the MG
of this mosquito and from C6/36 cells. In addition, a pro-
tein with molecular weight of 57 kDa was also purified
from mosquito MG extracts by affinity chromatography.
Immunoprecipitation of radiolabeled membranes using
Ae. aegypti anti-MG antibodies showed that R80 and R67
are contained in mosquito cell membranes. Furthermore,
the four serotypes of DENV recognized the same proteins
on Ae. aegypti and C6/36 cells.
Results
Identification and purification of the putative DENV2 
receptors in Ae. aegypti midgut by the virus overlay protein 
binding assay
Mosquito MG proteins were extracted with 0.05% of Tri-
ton X-100, separated by SDS-PAGE, blotted on to a PVDF
membrane and incubated with biotinylated DENV2 virus
to identify the putative receptors. Two prominent
polypeptides with apparent molecular masses of 67 and
80 kDa were observed (Figure 1, panel A, lane 1). The neg-
ative control without virus showed no bands (data not
shown).
To purify the putative receptors, DENV2 affinity chroma-
tography was performed by passing cell membrane pro-
teins from C6/36 cells from Ae. albopictus (Figure 1, panel
A, lane 2) or MG proteins from Ae. aegypti through a
DENV2-Sepharose™ 4B column. Representative patterns
(from 8 experiments) of C6/36 cell membrane or midgut
proteins retained and eluted by the column (EP) are
shown in Figure 1 panel A, lane 3, and Figure 1 panel B,
respectively. Two major proteins with molecular masses
of 67 (R67) and 80 (R80) kDa were observed. Figure 1A
lane 2 shows the total protein pattern of C6/36 cells. MG
proteins eluted from the column showed an additional
band with apparent molecular weight of 57 kDa (Figure 1,
panel B). Fraction 2 showed the 80 kDa protein (Figure 1,
panel B, lane 2).
Immunoprecipitation of the putative receptors from C6/36 
cell apical surfaces
To confirm that the putative receptors in Ae. aegypti MG
epithelial cells are similar to those in Ae. albopictus C6/36
cells, the apical surfaces of C6/36 cells were labeled with
125I and precipitated with anti-C6/36 cell membrane and
anti-MG antibodies. Antibody specificity was tested by
immunoblotting (Figure 2, panel A, lanes 2, 4). Proteins
with apparent molecular weights over 180 kDa were rec-
ognized. The negative control with pre-immune serum
showed no bands (Figure 2, lanes 3 and 5).
Labeled proteins from the apical surfaces of C6/36 cells
(Figure 3, lane 1) precipitated by polyclonal antibodies
against Ae. aegypti MG (Figure 3, lane 2) or C6/36 cell
membranes (Figure 3, lane 3–4) were separated by 10%
SDS-PAGE. The immunoprecipitated labeled proteins had
molecular masses of 80 and 67 kDa. The labeled proteins
were not precipitated by an unrelated antibody, anti-actin
(Figure 3, lane 5).
Apical cell surface proteins bound the four serotypes of 
DEN virus
To determine whether different serotypes of DENV recog-
nized the same receptors, labeled apical cell surface pro-
teins from C6/36 cells were incubated with DENV1,BMC Microbiology 2006, 6:85 http://www.biomedcentral.com/1471-2180/6/85
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DENV2, DENV3 or DENV4 (Figure 3 lanes 7–10, respec-
tively) and precipitated by incubation with antibodies
against each DENV serotype. All four serotypes led to the
immunoprecipitation of proteins with molecular masses
of 80 and 67 kDa (Figure 3, lanes 7–10). Labeled C6/36
apical membrane proteins were precipitated by anti-EP
antibodies as a positive control (Figure 3, lane 11). The
control without DEN virus showed no polypeptides (Fig-
ure 3, lane 6).
Polyclonal antibody-mediated blocking of DENV2 binding 
and infection of C6/36 cells
The specificities of anti-EP, anti-R80 and anti-R67 pre-
pared to test inhibition of DEN virus binding and infec-
tion were assessed by immunoblotting (Figure 4) and
immunofluorescence (Figure 5) as described in the meth-
ods section. Anti-EP recognized two polypeptides with
molecular masses of 80 and 67 kDa (Figure 4, lane 2) and
anti-R80 and anti-R67 recognized polypeptides of 80 (Fig-
ure 4, lane 3) and 67 kDa (Figure 4, lane 4), respectively.
Pre-immune mouse serum recognized no polypeptides
(Figure 4, lane 1).
There was no immunofluorescence staining when C6/36
cells were incubated with pre-immune serum (Figure 5A).
In contrast, anti-membrane, anti-MG, anti-EP, anti-R67
and anti-R80 antibodies all stained the C6/36 membranes
(Figure 5B–F, respectively). Anti-R80 also stained the
cytoplasm (Figure 5F).
In order to test antibody blocking of DENV binding, C6/
36 cell monolayers were incubated with anti-EP, anti-R67,
anti-R80 or anti-MG antibodies or pre-immune serum,
then with 125I- DEN2 virus as described in the methods
section (Figure 6). Anti-EP, anti-R67 and anti-R80
VOPBA and DENV2 affinity chromatography of the virus dengue receptors Figure 1
VOPBA and DENV2 affinity chromatography of the virus dengue receptors. Proteins from Aedes aegypti MGs were 
extracted with 0.05% Triton X-100, separated by 10% SDS-PAGE and blotted on to a PVDF membrane. The putative recep-
tors were revealed after incubation with DEN2 virus and peroxidase-labeled goat anti-mouse antibody (panel A, lane 1) as 
described in the methods section. Receptors were purified from C6/36 cell membranes (panel A, lane 3) or MG (fractions 1 
and 2, panel B) by DENV2 affinity chromatography using a DEN2-Sepharose™ 4B column as described in the methods section. 
The apparent molecular weights of these proteins are shown on the right side of panel A and on the left side of panel B. Pro-
teins separated by SDS-PAGE were silver stained. The protein pattern of total C6/36 membranes is shown in panel A lane 2. 
Molecular weight markers are shown on the left side in panel A and on the right side in panel B.BMC Microbiology 2006, 6:85 http://www.biomedcentral.com/1471-2180/6/85
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decreased virus binding by up to 40%. Binding was inhib-
ited by 70% when anti-MG was diluted 1:10 (Figure 6).
To test the inhibition of DENV2 infection by the specific
anti-receptor antibodies, C6/36 cell monolayers were
incubated separately for 1 h in media containing pre-
immune serum, anti-EP, anti-R67 or anti-R80 diluted
1:10 or 1:50, before being infected with DENV2. Infection
was allowed to proceed for 8 days and the amount of
infectious virus was determined by viral plaque assays in
LLC-MK2 cells (Figure 7). Maximal inhibition of infection
was obtained with anti-EP and anti-R67 diluted 1:10 (Fig-
ure 7). These antibodies inhibited DEN 2 replication in
the C6/36 cells nearly 1000-fold. Anti-R80 showed a rela-
tively minor inhibitory effect of approximately 100-fold.
Anti-EP, anti-R67 or anti-R80 diluted 1:50, and pre-
immune serum, did not inhibit DEN2 replication in these
cells.
Discussion
When a mosquito takes a viremic blood meal, virions
interact with receptors on the midgut epithelial cells and
penetrate and infect them. Arbovirus blocked at early
stages of midgut infection is considered a midgut infec-
tion barrier (MIB). A midgut escape barrier (MEB) is con-
sidered when infectious virions do not disseminate to
hemoceles, or disseminate but do not infect secondary tar-
get organs.
Most studies of flavivirus vector competence in Ae. aegypti
indicate that MIB is a major determinant of transmission
[23-25] and shows wide variation both among and within
Ae. aegypti populations for flaviviruses including DENV
[20,22,25]. Moreover, Ae. aegypti MG is generally consid-
ered the best candidate tissue for disrupting the virus life
cycle within the mosquito because it is the earliest inter-
face between insect and virus (see above). This strongly
suggests that DENV attachment to MG epithelial cell
receptors is critical for understanding the initial virus-vec-
tor interactions and will help to explain MIBs to DENV
infection and variations in vector competence. Further-
more, we would expect that virus serotype and genotype
would influence virus attachment to midgut receptors.
Thus, identification of viral receptors in the MG represents
a critical step in understanding vector competence and
designing possible targets for preventing viral entry to
cells and therefore inhibiting the infection. Feasible
approaches to intervention are monoclonal antibodies
blocking the receptor, and synthetic peptides mimicking
the viral receptor and thus competing with the host recep-
tor for virus attachment. This will allow novel strategies
for the control and prevention of DEN to be developed.
Published data have shown that the viral E protein is
involved in target cell recognition [6,26,27]. Recent struc-
tural and genetic evidence [28,29] suggests that the prM/
M stem-anchor region is also likely to play a role in virion
entry to cells. Purification by DENV 2 affinity chromatog-
raphy using native virus is a novel approach to obtaining
the putative protein receptors for DENV.
Several authors using the overlay assay have identified
polypeptides with molecular masses of 27, 45, 67 and 87
in macrophages [8], 40 and 70 in myelomonocytes [30],
45 and 72 kDa in B and T cells from humans [31], and two
heparan sulfate containing cell-surface binding proteins
resolving at 19 and 37 kDa in hepatocytes [32]. The data
in the present paper strongly support the view that the 67
and 80 kDa proteins are receptors for DENV 1, 2, 3 and 4
in MG cells from Aedes aegypti. Furthermore, we have puri-
fied these proteins for the first time from both Ae. albopic-
tus C6/36 cells and Ae. aegypti MGs using DENV2 affinity
chromatography; we also generated specific antibodies
against them, which inhibited binding and infection of
cultured cells by DENV 2. These results contrast with those
of Yazi-Mendoza et al. [33], who showed that DENV 4
binds to a 45 kDa protein in mosquito tissues. The results
in Figure 2 clearly demonstrate that DENV 4 recognizes
R67 and R80 in C6/36 cell membranes. A plausible expla-
Immunoblots of C6/36 total extracts Figure 2
Immunoblots of C6/36 total extracts. Extracts of C6/36 
cells (lanes 2, 3) or MG (lanes 4, 5) were subjected to 10% 
SDS-PAGE, blotted on to nitrocellulose and probed with 
anti-C6/36 membrane proteins (lane 2), pre-immune serum 
(lane 3), anti-MG (lane 4) or pre-immune serum (lane 5).BMC Microbiology 2006, 6:85 http://www.biomedcentral.com/1471-2180/6/85
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nation is that Yazi-Mendoza et al. [33] used total cell
extracts for their VOPBA, while our results were obtained
from plasma membranes, although viruses are known to
have several receptors [7]. In any event, further experi-
ments are needed to settle the point. Interestingly, Jindad-
amrongwech & Smith [7] found a serotype-specific
heterogeneity among DENV binding proteins on HepG2
human Liver cells. It is therefore possible that different
cell lines have different specificities for virus serotypes.
The specific antibodies against R67 and R80 inhibited
radiolabeled DEN virus binding and the highest inhibi-
tion was observed with anti-MG antibodies, suggesting
that other cell membrane molecules may participate in
virus binding. Candidates include non-sialic acid carbo-
hydrates, since we previously showed that sialic acid does
not participate in virus binding [9]. In agreement with our
results, Zieler et al. [29] failed to detect sialic acid in Ae.
aegypti MG. More recently, Thaisomboonsuk et al. [34]
reported the inability of neuroaminidase to inhibit DEN-
2 virus binding to insect cells.
As we mentioned earlier, DC-SIGN has also been reported
as a functional receptor on human dendritic cells [15,16]
for DENV and other flaviviruses. Further studies are
needed to determine the involvement of DC-SIGN as
receptor in DENV infection in Ae. aegypti mosquitoes.
Collectively, the results corroborate the notion that DENV
utilizes multiple cell surface molecules for binding to and
infection of target cells, some of which may be common
to all cells and shared among several viruses [6]. Interest-
ingly, Sakoonwtanyoo et al. [12] suggested that one of
these protein receptors for DENV 2, 3 and 4 may be a lam-
inin-binding protein with an apparent mass of 50 kDa.
Although we failed to detect a protein with this molecular
mass, this does not eliminate the possibility.
In summary, specific membrane molecules are required
for DENV binding and the nature of these molecules
seems to depend on cell type. Interestingly, our results
show that R67 and R80 are the putative receptors in the
MG of Ae. aegypti mosquitoes, the principal DENV vector
Immunoprecipitation of labeled membrane proteins Figure 3
Immunoprecipitation of labeled membrane proteins. Proteins from C6/36 cell apical surfaces radiolabeled with 125I 
(lane 1) were immunoprecipitated with polyclonal anti-MG (lane 2) or anti-membrane (lane 3 and 4) and separated by 10% 
SDS-PAGE. The molecular weights of the immunoprecipitated proteins are shown on the left side. A negative control using an 
unrelated antibody (anti-actin) is shown in lane 5. Labeled apical cell surface proteins recognized by DEN1 (lane 7), DEN2 (lane 
8), DEN3 (lane 9) and DEN4 (lane 10) were immunoprecipitated with specific anti-DENV as described in the methods section. 
A control without DEN virus was included (lane 6). 125I-labeled proteins immunoprecipitated by anti-EP were used as a positive 
control (lane 11). All proteins were separated by 10% SDS-PAGE and labeled proteins were detected by autoradiography. The 
molecular weights of these proteins are shown on the right side. Molecular weight markers are shown on the left side.BMC Microbiology 2006, 6:85 http://www.biomedcentral.com/1471-2180/6/85
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in America, and in Ae. albopictus C6/36 cells. In addition,
these receptors are specific for all four serotypes of DENV.
Conclusion
This paper documents for the first time that the proteins
R67 and R80 are putative receptors for dengue virus in the
midgut of Ae. aegypti and in Ae. albopictus C6/36 cells,
since specific antibodies against these proteins inhibited
the binding and cytopathic effects of the virus. Further-
more, we have shown that these receptors are specific for
all four serotypes of DENV.
Methods
Mosquito culture
A. aegypti mosquitoes collected as larvae in Monterrey,
Mexico were laboratory-reared and maintained at 28 ±
2°C and 80% RH under a 12:12 h (L:D) photoperiod
using standard mosquito-rearing procedures [35]. After
day 4, adult MGs were dissected and stored at -80°C until
use.
DENV infection cells
Ae. albopictus clone C6/36 cells were grown at 28°C as pre-
viously described [36]. After 18 h of culture, the cells (2 ×
106/100 mm plate) were infected with 0.2 ml DENV2
inoculum with an input MOI of 600 PFU per plate and
incubated at 28°C for 10 days.
Virus purification
The flaviviruses used in this study were: DENV1, strain
Hawaii; DENV2, strain New Guinea C (NGC); DENV3,
strain H-87; and DENV4, strain H-341. They were
obtained from Dr. D. J. Gubler (Division of Vector-borne
Infectious Diseases, Centers for Disease Control, Fort Col-
lins, CO, USA) and kindly provided by Dr. Blanca Ruiz
(Biomedicas, UNAM).
Virus passage in Vero cells was clarified from cell culture
supernatants. Viruses were concentrated and purified as
described by Putnak et al. [37]. Titers of virus stocks made
in LLC-MK2 cells [38] were 8 × 108 PFU/ml for each DENV
strain. Control antigens harvested from uninfected Vero
cells were prepared in the same manner.
The purified viruses were iodinated using 1 mCi of 125I
(Amersham Pharmacia Biotech) as described elsewhere
[39]. The specific activity was 4.7 × 109 cpm/mg of pro-
tein.
Biotinylation was performed as described previously [9].
The viral pellet was stored at -70°C until use.
Membrane preparation
C6/36 cell membranes were prepared essentially as
described elsewhere [40] by scraping the cells from con-
fluent plates in the presence of PBS. This procedure has
been described in detail for C6/36 cells [9]. Labeled mem-
brane proteins were identified at the 20% interface of the
gradient and verified by SDS-PAGE.
DENV2 affinity chromatography
DEN2 viruses (8 × 108 PFU/ml) were bound covalently to
1 g of CNBr-activated Sepharose™ 4B as recommended by
the manufacturer (Amersham Biosciences). The DENV2-
Sepharose™ column was stored in 0.002% sodium azide
at 4°C until use.
The protein extract was obtained by homogenizing MGs
(300/ml) in buffer E (50 mM Tris-HCl, pH 7.2, 1 mM
EDTA, 0.05% v/v Triton X-100) containing P 8340 pro-
tease inhibitor cocktail from Sigma. To obtain the soluble
proteins, the homogenate was centrifuged for 10 min at
7245 × g at 4°C.
Immunoblotting of total C6/36 extracts Figure 4
Immunoblotting of total C6/36 extracts. Extracts from 
C6/36 cells treated as in Figure 2 were tested with pre-
immune mouse serum (lane 1), anti-EP (lane 2), anti-R80 
(lane 3) or anti-R67 (lane 4). Molecular weight markers are 
shown on the left side and the proteins detected by the anti-
bodies on the right side.BMC Microbiology 2006, 6:85 http://www.biomedcentral.com/1471-2180/6/85
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MG protein extract (2 mg), or 100 μg C6/36 cell mem-
branes [4,9], was applied to a DENV2-Sepharose™ 4B col-
umn (1 ml) equilibrated in buffer E and washed with the
same buffer. The DENV2-binding proteins were eluted
with buffer E containing 0.5 M NaCl. Fractions of 0.5 ml
were collected, and the protein content was monitored by
the Bradford method [41] and analyzed by polyacryla-
mide gel electrophoresis in the presence of sodium
dodecyl sulfate on 10% gels [42]. The eluted proteins (EP)
were stored at -70°C.
Radiolabeling of C6/36 cell membrane proteins
Proteins from the apical surfaces of confluent monolayers
were iodinated by the lactoperoxidase method [39].
Labeled membrane proteins (specific activity 1.4 ×
106cpm/mg) in buffer E were used immediately or stored
at -70°C.
Antibodies
Monoclonal anti-DENV2 antibodies were obtained from
murine hybridomas (HB-46) from ATCC. Anti-DENV1,
DENV3 and DENV4 were kindly provided by Dr. Garry
Clark from CDC-Puerto Rico.
To obtain specific anti-R80 and anti-R67, proteins
retained by the DENV2-Sepharose™ 4B column were sep-
arated by 10% SDS-PAGE. After silver staining, each of the
two main protein species (R80, R67) was excised from the
gel, cut in small pieces, suspended in PBS and mixed with
an equal volume of Titer-Max adjuvant (CyTRx Corpora-
tion) to immunize two groups of BALB/c mice. Pre-
immune sera were obtained before immunization. Pro-
teins eluted (EP) from the DENV2 affinity column were
used to obtain specific polyclonal antibodies. A total of 10
μg of this protein was used to immunize the mice. MG
extracts (100 μg), or C6/36 cell membrane extracts (50
μg), were also used to immunize mice [9]. After fifteen
days, the mice received a booster; they were bled after
thirty days. Sera were stored at -70°C until use. Antibody
specificity was tested by ELISA and immunofluorescence.
Negative controls using pre-immune sera were included
in all assays.
Immunofluorescence microscopy of C6/36 cells Figure 5
Immunofluorescence microscopy of C6/36 cells. Cell monolayers were stained with pre-immune serum (A), anti-cell 
membrane (B), anti-MG (C), anti-EP (D), anti-R67 (E) and anti-R80 (F) and then incubated with fluorescein-conjugated goat 
anti-mouse antibodies.BMC Microbiology 2006, 6:85 http://www.biomedcentral.com/1471-2180/6/85
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Binding and infection blocking assays
C6/36 cells (1.5 × 104) were cultured overnight in 96-well
plates as described above. For binding assays, the cells
were incubated for 60 min at 4°C with pre-immune
serum, anti-EP, anti-R80, anti-R67 or anti-MG diluted
1:10 or 1:1000 in serum-free medium. Other cells were
left untreated. 125I-DENV of each serotype was added (600
PFU/well) and incubated for 30 min at 4°C. After washing
to remove non-bound labeled virus, cells containing the
bound virus were solubilized in 3% SDS and the radioac-
tivity was counted. For infection assays, cells were incu-
bated for 60 min with pre-immune serum, anti-EP, anti-
R80 or anti-R67 diluted 1:10 or 1:50 at 28°C and then
DENV serotype 2 was added (600 PFU/well) followed by
incubation for 30 min at 4°C. After washing, fresh culture
medium was added and the cells were incubated for 8
days. The viral titer was determined in each supernatant
by viral plaque assay in LLC-MK2 cells [43]. Four wells
were assessed for each experimental condition.
Immunofluorescence
C6/36 cell monolayers were stained as previously
described [9]. Pre-immune sera as well as each of the pol-
yclonal antibodies (anti-R80, anti-R67 and anti-MG) were
diluted 1:100 and incubated overnight at 4°C. After wash-
ing with PBS, the cells were incubated with fluorescein-
conjugated goat anti-mouse (1:500) antibodies (Hyclone
Laboratories, Inc., Utah). After further washing, they were
mounted in 50% glycerol and observed by fluorescence
microscopy.
Electrophoretic blotting
Proteins were electrophoresed in 10% SDS-PAGE [42]
and transferred to nitrocellulose paper [44]. Membranes
were incubated with anti-EP, anti-R80, anti-R67 or anti-
MG diluted 1:50. The goat anti/mouse IgG second anti-
body was conjugated to alkaline phosphatase and color
development was measured as recommended by the man-
ufacturer (Zymed Laboratories).
Virus overlay protein binding assay (VOPBA)
Mosquito MG proteins were separated by 10% SDS-PAGE
as described above and blotted on to PVDF membranes
(BioRad) by Towbin's technique [44]. The procedure was
followed as previously described [9] with some modifica-
tions. Briefly, the electrophoretic blots were incubated
overnight with unlabeled virus, washed with PBS and
incubated overnight with monoclonal anti-flavivirus
(diluted 1:100) at 4°C. After washing with PBS, they were
incubated for 2 h at room temperature with peroxidase-
labeled goat anti-mouse (Kirkegaarde Perry Laboratories,
USA) diluted 1:1000 in 5% skimmed milk in PBS. Finally,
they were washed with PBS, and reactive proteins were vis-
ualized by developing with the chromogenic substrate 4-
Inhibition of DENV2 infection by specific antibodies Figure 7
Inhibition of DENV2 infection by specific antibodies. 
C6/36 cell monolayers were incubated separately in the pres-
ence of pre-immune serum, anti-EP, anti-R67 or anti-R80 at 
28°C for 60 min and then DENV serotype 2 was added (600 
PFU/well) and incubated for 30 min at 4°C. After washing, 
fresh culture medium was added and the cells were incu-
bated for 8 days. Pre-immune serum and antibodies were 
diluted 1:10 and 1:50. Viral titers in the supernatants were 
determined by viral plaque assay in LLC-MK2 cells. The 
experiments were repeated at least 3 times in quadruplicate.
Blocking of DEN-2 virus binding by specific antibodies Figure 6
Blocking of DEN-2 virus binding by specific antibod-
ies. C6/36 cell monolayers were incubated with 1:10 or 
1:1000 diluted pre-immune serum (PI), anti-EP, anti-R67, 
anti-R80 or anti-MG. To assay the binding of radiolabeled 
virus, cells were dissolved in 3% SDS in all experiments. The 
total [125I]DENV2 virus bound was 5,286 ± 300 cpm. The 
experiments were repeated at least 3 times in quadruplicate.BMC Microbiology 2006, 6:85 http://www.biomedcentral.com/1471-2180/6/85
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chloro-1-naphthol/hydrogen peroxide. The reaction was
stopped after 1 h by washing with water.
Receptor-virus immunoprecipitation
Radiolabeled cell membrane proteins (5 μg) solubilized
in buffer E containing protease inhibitors (see above)
were incubated for 2 h at 37°C with 10 μl of each DENV
serotype (6.0 × 106 PFU/ml) and anti-DENV 1, 2, 3 or 4
antibodies diluted 1:100. The mixture was centrifuged at
5,000 × g for 15 min and washed twice with PBS. The
supernatant was discarded and the proteins from the pel-
let were suspended in SDS gel-loading buffer and sepa-
rated by 10% SDS-PAGE. Labeled polypeptides were
detected by autoradiography [45]. Negative controls were
included by incubating the same preparations with anti-
actin, an unrelated antibody.
Authors' contributions
RFMC carried out the virus purification experiments,
DENV infection of the cells, affinity purification of
DENV2 MG receptor, electrophoretic blotting and the
virus overlay protein binding assay. HAEA purified the
receptors from C6/36 cell membranes, and carried out the
binding and infection blocking assays and immunofluo-
rescence studies. RT radiolabeled the membrane proteins
and obtained the membrane preparations, raised antibod-
ies and performed the receptor-virus immunoprecipita-
tion. ADB cultured and field collected mosquitoes. MCN
assembled the manuscript and participated in data analy-
sis. MLM proof-read and assembled the manuscript. All
authors read and approved the final manuscript.
Acknowledgements
We acknowledge the M.Sc. Gustavo Limón Camacho for the standardiza-
tion of the protein receptor purification assay. This research was supported 
by United States Public Health Service Grant AI 45430 subgrant G-46321.
References
1. WHO (World Health Organization): Dengue Haemorrhagic
fever: early recognition, diagnosis and hospital management
– an audiovisual guide for health care workers responding to
outbreaks.  Weekly Epidemiological Record 2006, 81(38):362-363.
2. DEGPI (Dirección General de Epidemiología de la Secre-
taría de Salud) 2004  Boletín Epidemiología  [ h t t p : / /
www.dgepi.salud.gob.mx/boletin/].
3. Halstead SB: Antibody, macrophages, dengue virus infection,
shock, and hemorrhage a pathogenetic cascade.  Rev Infect Dis
1989, 11(Suppl 4):S830-S839.
4. Littaua R, Kurane I, Ennis FA: Human IgG Fc receptor II medi-
ates antibody-dependent enhancement of dengue virus
infection.  J Immunol 1990, 144(8):3183-3186.
5. Tu WC, Chen CC, Hou RF: Ultrastructural studies on the
reproductive system of male A. aegypti (Diptera: Culicidae)
infected with dengue 2 virus.  J Medx Entomol 1998, 35(1):71-76.
6. Mukhopadhyay S, Kuhn RJ, Rossmann MG: A structural perspec-
tive of the flavivirus life cycle.  Nat Rev Microbiol 2005, 3(1):13-22.
7. Jindadamrongwech S, Smith DR: Virus Overlay Protein Binding
Assay (VOPBA) reveals serotype specific heterogeneity of
dengue virus binding proteins on HepG2 human liver cells.
Intervirology 2004, 47(6):370-373.
8. Moreno-Altamirano MM, Sanchez-Garcia FJ, Muñoz ML: Non Fc
receptor-mediated infection of human macrophages by den-
gue virus serotype 2.  J Gen Virol 2002, 83(5):1123-1130.
9. Muñoz ML, Cisneros A, Cruz J, Das P, Tovar R, Ortega A: Putative
dengue virus receptors from mosquito cells.  FEMS Microbiol
Lett 1998, 168(2):251-258.
10. Zhang W, Chipman PR, Corver J, Johnson PR, Zhang Y, Mukhopad-
hyay S, Baker TS, Strauss JH, Rossmann MG, Kuhn RJ: Visualization
of membrane protein domains by cryo-electron microscopy
of dengue virus.  Nat Struct Biol 2003, 10(11):907-912.
11. Reyes-Del Valle J, Chavez-Salinas S, Medina F, Del Angel RM: Heat
shock protein 90 and heat shock protein 70 are components
of dengue virus receptor complex in human cells.  J Virol 2005,
79(8):4557-4567.
12. Sakoonwatanyoo P, Boonsanay V, Smith DR: Growth and produc-
tion of the dengue virus in C6/36 cells and identification of a
laminin-binding protein as a candidate serotype 3 and 4
receptor protein.  Intervirology 2006, 49(3):161-172.
13. Chen Y, Maguire T, Hileman RE, Fromm JR, Esko JD, Linhardt RJ,
Marks RM: Dengue virus infectivity depends on envelope pro-
tein binding to target cell heparan sulfate.  Nat Med 1997,
3(8):866-871.
14. Chen YC, Wang SY, King CC: Bacterial lipopolysaccharide
inhibits dengue virus infection of primary human monocytes/
macrophages by blockade of virus entry via a CD14-depend-
ent mechanism.  J Virol 1999, 73(4):2650-2657.
15. Marianneau P, Megret F, Olivier R, Morens DM, Deubel V: Dengue
1 virus binding to human hepatoma HepG2 and simian Vero
cell surfaces differs.  J Gen Virol 1996, 77(10):2547-2554.
16. Navarro-Sanchez E, Altmeyer R, Amara A, Schwartz O, Fieschi F,
Virelizier JL, Arenzana-Seisdedos F, Despres P: Dendritic-cell-spe-
cific ICAM3-grabbing non-integrin is essential for the pro-
ductive infection of human dendritic cells by mosquito-cell-
derived dengue viruses.  EMBO Rep 2003, 4(7):723-728.
17. Tassaneetrithep B, Burgess TH, Granelli-Piperno A, Trumpfheller C,
Finke J, Sun W, Eller MA, Pattanapanyasat K, Sarasombath S, Birx DL,
Steinman RM, Schlesinger S, Marovich MA: DC-SIGN (CD209)
mediates dengue virus infection of human dendritic cells.  J
Exp Med 2003, 197(7):823-829.
18. Lozach PY, Burleigh L, Staropoli I, Navarro-Sanchez E, Harriague J,
Virelizier JL, Rey FA, Despres P, Arenzana-Seisdedos F, Amara A:
Dendritic cell-specific intercellular adhesion molecule 3-
grabbing non-integrin (DC-SIGN)-mediated enhancement
of dengue virus infection is independent of DC-SIGN inter-
nalization signals.  J Biol Chem 2005, 280(25):23698-23708.
19. Halstead SB, Heinz FX, Barrett AD, Roehrig JT: Dengue virus:
molecular basis of cell entry and pathogenesis, 25–27 June
Vienna, Austria.  Vaccine 2005, 23(7):849-856.
20. Black WC 4th, Bennett KE, Gorrochotegui-Escalante N, Barillas-Mury
CV, Fernandez-Salas I, Munoz ML, Farfan-Ale JA, Olson KE, Beaty BJ:
Flavivirus susceptibility in Aedes aegypti.  Arch Med Res 2002,
33(4):379-388.
21. Lourenco-de-Oliveira R, Vazeille M, de Filippis AM, Failloux AB:
Aedes  aegypti  in Brazil: genetically differentiated popula-
tions with high susceptibility to dengue and yellow fever
viruses.  Trans R Soc Trop Med Hyg 2004, 98(1):43-54.
22. Bennett KE, Olson KE, Munoz ML, Fernandez-Salas I, Farfan-Ale JA,
Higgs S, Black WC 4th, Beaty BJ: Variation in vector competence
for dengue 2 virus among 24 collections of Aedes aegypti
from Mexico and the United States.  Am J Trop Med Hyg 2002,
67(1):85-92.
23. Bosio CF, Beaty BJ, Black WC 4th: Quantitative genetics of vec-
tor competence for dengue-2 virus in Aedes aegypti.  Am J Trop
Med Hyg 1998, 59(6):965-70.
24. Gubler DJ, Nalim S, Tan R, Saipan H, Sulianti Saroso J: Variation in
susceptibility to oral infection with dengue viruses among
geographic strains of Aedes aegypti.  Am J Trop Med Hyg 1979,
28(6):1045-52.
25. Tabachnick WJ, Wallis GP, Aitken TH, Miller BR, Amato GD, Lorenz
L, Powell JR, Beaty BJ: Oral infection of Aedes aegypti with yel-
low fever virus: geographic variation and genetic considera-
tions.  Am J Trop Med Hyg 1985, 34(6):1219-24.
26. Chen Y, Maguire T, Marks RM: Demonstration of binding of den-
gue virus envelope protein to target cells.  J Virol 1996,
70(12):8765-8772.
27. Kaufman BM, Summers PL, Dubois DR, Eckels K: Monoclonal anti-
bodies against dengue 2 virus E-glycoprotein protect mice
against lethal dengue infection.  Am J Trop Med Hyg 1987,
36(2):427-434.Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
BMC Microbiology 2006, 6:85 http://www.biomedcentral.com/1471-2180/6/85
Page 10 of 10
(page number not for citation purposes)
28. Pryor MJ, Azzola L, Wright PJ, Davidson AD: Histidine 39 in the
dengue virus type 2 M protein has an important role in virus
assemble.  J Gen Virol 2004, 85(12):3627-3636.
29. Zieler H, Nawrocki JP, Shahabuddin M: Plasmodium gallinaceum
ookinetes adhere specifically to the midgut epithelium of
Aedes aegypti by interaction with a carbohydrate ligand.  J Exp
Biol 1999, 202(5):485-495.
30. Bielefeldt-Ohmann H: Analysis of antibody-independent bind-
ing of dengue viruses and dengue virus envelope protein to
human myelomonocytic cells and B lymphocytes.  Virus Res
1998, 57(1):63-79.
31. Bielefeldt-Ohmann H, Meyer M, Fitzpatrick DR, Mackenzie JS: Den-
gue virus binding to human leukocyte cell lines: receptor
usage differs between cell types and virus strains.  Virus Res
2001, 73(1):81-89.
32. Hilgard P, Stockert OR: Heparan sulfate proteoglycans initiate
dengue virus infection of hepatocytes.  Hepatology 2000,
32(5):1069-1077.
33. Yazi Mendoza M, Salas-Benito JS, Lanz-Mendoza H, Hernandez-Mar-
tinez S, del Angel RM: A putative receptor for dengue virus in
mosquito tissues: localization of a 45-kDa glycoprotein.  Am J
Trop Med Hyg 2002, 67(1):76-84.
34. Thaisomboonsuk BK, Clayson ET, Pantuwatana S, Vaughn DW, Endy
TP: Characterization of dengue-2 virus binding to surfaces of
mammalian and insect cells.  Am J Trop Med Hyg 2005,
72(4):375-383.
35. Ramasamy MS, Sands M, Kay BH, Fanning ID, Lawrence GW, Rama-
samy R: Anti-mosquito antibodies reduce the susceptibility of
Aedes aegypti to arbovirus infection.  Med Vet Entomol 1990,
4(1):49-55.
36. Igarashi A: Isolation of a Singh's Aedes albopictus cell clone sen-
sitive to Dengue and Chikungunya viruses.  J Gen Virol 1978,
40(3):531-544.
37. Putnak R, Barvir DA, Burrous JM, Dubois DR, D'Andrea VM, Hoke
CH, Sadoff JC, Eckels KH: Development of a purified, inacti-
vated, dengue-2 virus vaccine prototype in Vero cells: immu-
nogenicity and protection in mice and rhesus monkeys.  J
Infect Dis 1996, 174(6):1176-1184.
38. Polo S, Ketner G, Levis R, Falgout B: Infectious RNA transcripts
from full-length dengue virus type 2 cDNA clones made in
yeast.  J Virol 1997, 71(7):5366-5374.
39. Morrison M: Lactoperoxidase-catalyzed iodination as a tool
for investigation of proteins.  Methods Enzymol 1980,
70(A):214-220.
40. Eichholz A, Crane RK: Isolation of plasma membranes from
intestinal brush borders.  Methods Enzymol 1974, 31(A):123-134.
41. Bradford M: A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of
protein-dye binding.  Anal Biochem 1976, 7(72):248-254.
42. Laemmli UK: Cleavage of structural proteins during the
assembly of the head of bacteriophage T4.  Nature 1970,
227(5259):680-685.
43. Richardson J, Molina-Cruz A, Salazar MI, Black W 4th: Quantitative
analysis of dengue-2 virus RNA during the extrinsic incuba-
tion period in individual Aedes aegypti.  Am J Trop Med Hyg 2006,
74(1):132-141.
44. Towbin H, Staehelin T, Gordon J: Electrophoretic transfer of
proteins from polyacrylamide gels to nitrocellulose sheets:
procedure and some applications.  P r o c  N a t l  A c a d  S c i  1979,
76(9):4350-4354.
45. Metsikko MK, Rajaniemi HJ: Immunoprecipitation of the lutro-
pin receptor. Loss of receptor molecules during down-regu-
lation.  Biochem J 1984, 224(2):467-471.